Since 2007 farmgate milk prices in EU have become much more volatile and their seasonal pattern has stopped being so explicit. The purpose of this research is to test the hypothesis that seasonality still plays an important role in shaping farmgate milk prices in EU while its amplitude decreases together with the growing integration of the EU milk market with the global market. The aforementioned issues are investigated using Census X-12 procedure of price decomposition and panel random effects model. The results indicate that after 2007 the role of seasonality in determining EU farmgate milk prices has significantly decreased which partially results from the higher integration of the EU milk market with the global market. Nevertheless, seasonality remains an important factor determining the farmgate milk prices in EU. It can be expected that with the further globalization of the milk market, the significance of seasonality in determining farmgate milk prices in EU will be diminishing.
Introduction
For many years farmgate milk prices in the major European Union (EU) milk producing countries used to reveal a strong seasonal pattern oscillating around long-term trends. However, since the beginning of 2007, together with the increasing integration of EU milk market with the global milk market, the prices have become much more volatile and their seasonal pattern has stopped being so explicit (see Figure 1 ). Change in behavior of the farmgate milk prices has significantly lowered their predictability increasing the risk of business activity in the dairy sector as a consequence.
With regards to the biological nature of milk production, the lack of explicit seasonal pattern most likely does not mean that the influence of seasonality on farmgate milk prices has completely abated. Nevertheless, its significance in determining farmgate milk prices in EU may have changed. Aforementioned issue has not been directly addressed so far as literature focuses mainly on the biologic and microeconomic aspects of seasonality and does not cover the role of external factors like globalization. There is some research on the decomposition of farmgate milk prices, nevertheless seasonality is not its main focus. Therefore, the aim of this analysis is to test the hypothesis that seasonality still plays an important role in shaping farmgate milk prices in EU but its amplitude decreases together with the growing integration of the EU milk market with the global market. Findings from this research may be useful for representatives from the dairy sector in forecasting of farmagate milk prices. The paper is organized as follows. Section 2 provides the literature review in the field of seasonality in the milk market. Section 3 describes the data collection and econometric methods employed in the research. Section 4 shows the results of the estimations. Section 5 presents concluding remarks.
Literature review
Seasonality of farmgate milk prices is a consequence of the seasonality of milk supply and changes in milk composition over the year (fat and protein content). In the Northern Hemisphere the production peak takes place in spring/summer exerting downward pressure on the prices, while the supply dip is observed in autumn/winter causing seasonal increase in prices. Moreover, in autumn/winter milk tends to contain more fat and protein which is positive for its price. According to the literature, amplitude of the seasonality is determined both by biological and economic factors which are usually highly connected. The most important ones are:
• Calvings distribution. More balanced calvings distribution leads to more stable milk supply over the year (Auldist et al., 1998; Kelly, 2001; Dooley, 2002; Matysik-Pejas, 2007; Szajner 2014) . The peak of milk efficiency takes place within the first 100 days of the lactation period (Scott et al., 1996) . Therefore, more balanced calving distribution over the year enables to achieve a few milk production peaks and smooth the milk output. The optimization of calvings distribution was investigated i.a. by Killen and Keane (1978) , Scott et al. (1996) and Baul et al. (2014) . • Feeding regime. More balanced diet of dairy cows leads to more stable milk composition. Ruminants should receive homogenous feeding as any changes in the feeding regimes, like shifting from pasture feeding to concentrate feeding and vice versa, affect the quantity of dry matter in the milk, especially fat (Egersma et al., 2004; Burke et al., 2007; Sienkiewicz and Góralska, 2009; Nategi et al., 2014; Oldemiro et al., 2016; Hayer et al., 2019) . The feeding pattern is usually determined by the geographical conditions like temperature and availability of pastures. Favorable geographical conditions are conducive to higher share of extensive farming and pasture-based feeding pattern which is associated with higher amplitudes of seasonality. In turn, less favorable geographical conditions are conducive to higher share of intensive farming and concentrate-based feeding pattern which is less dependent on seasonal factors. • Size of dairy farms. According to the literature, the amplitude of supply seasonality is negatively correlated with the size of dairy farms and their specialization (Allore et al., 1997; Matyjasik-Pejas, 2007; Iwan, 2005) . Due to high scale effects larger farms are able to afford for better veterinary care, more milk-efficient dairy cow species, high quality fodders, which decreases the amplitude of seasonality. Hence, it may be expected that amplitudes of seasonality will be gradually decreasing together with higher development of dairy sector.
Seasonality of farmgate milk prices was partially investigated in the research on business cycles in the milk market. Bergmann et al. (2013 Bergmann et al. ( , 2015 decomposed German, Irish and EU average farmgate milk prices into trend, seasonal and cyclical components using Kalman filter. Authors divided their sample into two parts: 1990-2003 (prior to the reform of Common Agricultural Policy) and [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . With regards to the seasonality of farmgate milk prices their results indicate that in both samples the time series exhibit a seasonal pattern. Nevertheless, results shows that seasonal component in all cases is almost constant over the time. It is not consistent with the findings of Iwan (2005) , Matysik-Pejas (2007) and Szajner (2014) that the amplitudes of seasonal component of milk prices tends to follow downward trend due to proceeding specialization and development of dairy sector. Nicholson and Stephenson (2015) employed the same method as Bergmann et al. (2013 Bergmann et al. ( , 2015 for the US market and obtained similar results in terms of seasonality. It may suggest that State Space Models and Kalman filter are not optimal tools for deriving seasonal component from the farmgate milk prices.
Methodology and data collection
As the aim of the research is to test two hypotheses it is divided into two parts. The first part investigates if the seasonality still plays an important role in shaping the farmgate milk prices in EU. The second part tries to answer the question if the amplitude of the seasonal component in the farmgate milk prices in EU is decreasing together with the growing integration of the EU milk market with the global milk market.
EU farmgate milk prices analyzed in the first part of the research are monthly average prices of raw milk at real fat and protein content paid to milk producers nominated in EUR and obtained from the EU Milk Market Observatory. Sample includes only countries which used to reveal a strong seasonal pattern and experienced a marked change in farmgate milk price behavior after 2007. Therefore, finally data for 11 countries was included in the research: Belgium, Denmark, Germany, Ireland, France, Luxembourg, Netherlands, Austria, Finland, Sweden and the United Kingdom. The length of sample was determined by the availability of data. Nevertheless, as sample includes only countries from EU-15, in most cases it covers period from January 1977 to September 2017. Time series used in the research are presented in Figure 2 while Table 1 reports their length and descriptive statistics. 
UK
According to the literature seasonality amplitude of the farmagate milk prices is not constant over the time and tends to diminish with the development of dairy sector (Szajner, 2014; Iwan, 2005; Matysik-Pejas, 2007) . Therefore, in order to address the problem of nearly constant seasonal component which appears in case of decomposition of time series using Kalman filter (Bergmann et al. 2013 (Bergmann et al. , 2015 Nicholson and Stephenson, 2015) the multiplicative decomposition of time series was implemented. The same approach was employed by Szajner (2014) . In a multiplicative decomposition, the seasonal components change proportionately with the trend. If the trend rises, so do the seasonal effects while if the trend moves downward the seasonal effects decrease too. The multiplicative model can be specified as:
where Y is the original time series, C is the trend-cycle, S is the seasonal component, and I is the irregular component. Therefore, despite the fact, that the multiplicative decomposition, contrary to the Kalman filter, does not enable to derive the cyclical component from the time series, it includes them in the trend-cycle component C . Seasonal adjustment process was conducted using the Census X-12 procedure (U.S. Census Bureau, 2011) .
In order to visualize the change in seasonal component obtained time series were converted into annual data using following algorithm:
where S , j 1,2,3, … ,12 are multiplicative seasonal factors for particular months for i country and year t. The purpose of the second part of the research is to test the hypothesis that the amplitude of seasonal component in the farmgate milk prices in EU is decreasing together with the growing integration of the EU milk market with the global milk market. The starting point for the analysis and also an endogenous variable are annual time series obtained in the first part of the research (SF ) from the equation 2. The change in seasonality pattern was modeled using two explanatory variables. The first variable is annual milk deliveries per cow in particular countries (development ). Milk deliveries per cow may be treated as a proxy for the development of dairy sector determined by calvings distribution, feeding regime and size of dairy sector. The higher average milk yield is, the dairy sector is more developed. Therefore, an increase in milk deliveries per cow should lead to a decrease in amplitude of seasonal component of farmgate milk price in the EU. Data on the milk deliveries and the size of milk cows herds in particular EU countries are annual data obtained from Eurostat. The second explanatory variable is the average percentage difference between milk prices in particular EU countries and the United States (difference ). This variable serves as a proxy for the integration of EU milk market with global milk market. The lower average percentage difference between these prices is, the EU market is more integrated with the global market. According to the hypothesis tested in this part of the research, higher integration of EU milk market with the global milk market should lead to decrease in amplitude of the seasonal component of farmgate milk price in EU. Monthly milk prices for particular EU countries come from the EU Milk Market Observatory and were originally nominated in EUR. In turn, monthly US milk price (all-milk price) was obtained from United States Department of Agriculture -National Agricultural Statistics Service and converted into EUR using monthly averages of Thomson Reuters Datastream EUR/ECU vs. USD spot rate. Monthly time series were converted to annual data using annual averages. It may be argued that the farmgate milk price from New Zealand would be a better proxy of global milk market that the US price. Nevertheless, the time series for the US were much longer than for New Zealand. Moreover, it has been proved that the US dairy market is well integrated with the global milk market (Newton, 2016) which allows to treat it as a proxy of the global milk market. Table 2 reports the length of sample for particular countries and descriptive statistics for the variables used in the research. Data used in the research was obtained over multiple time periods for the same group of countries. Therefore, due to characteristics of data set the second part of the research employs panel regressions. The main advantage of panel models is the opportunity to use data of multiple observations over the same units which allows to estimate more realistic models than in case of a single time series or single cross-sections models (Verbeeck, 2004) . Panel data usually provide the researcher with a higher number of degrees of freedom and reduce the collinearity among explanatory variables, hence improving the efficiency of econometric estimates (Hsiao, 2003 , Baltagi, 2005 .
Panel data have a cross-sectional dimension and a time-series dimension . Therefore, in the panel models variables are indexed by an for the individuals 1, … , and by a for the time periods 1, … , . In the general form panel models can be specified as:
where is a scalar, is the th observation on K explanatory variables and defines K x 1 vector of explanatory variables. Error component can be written as:
where is the unobservable individual-specific effect and denotes the remainder disturbance (Baltagi, 2005) . Research employs the following sorts of panel models: random effects model and fixed effects model. In random effects models the individual-specific effects µ are random variables with mean 0 and variance σ µ . Therefore, an assumption that µ are random variables in random effects models enable to avoid the loss of degrees of freedom. Random effects models are estimated usually by generalized least squares (GLS) method. The main feature of fixed effects model is that are assumed to be estimated fixed parameters.
captures characteristics associated with particular individuals which are constant over time, so called "fixed effects". Remainder disturbance is assumed to be independent and identically distributed with mean 0 and variance . are assumed to be independent of the for all and . Fixed effects models are estimated usually by ordinary least squares (OLS) method. Figure 3 shows seasonal components of analyzed farmgate milk prices while Figure 4 presents their conversion to the annual data using algorithm presented in the equation 2.
Results
The results indicate that the seasonality remains an important factor determining the farmgate milk prices in EU although it is not such explicit as before 2007. It supports the view that due to the biological nature of milk production the seasonality cannot be completely eliminated from its price. Nevertheless, the significance of the seasonality in determining farmagate milk prices has markedly diminished after 2007 in most analyzed countries.
The estimation of panel regression, which was the second part of the research, provides useful information about the causes of diminishing seasonality amplitudes of the farmgate milk prices in EU. The final model is specified as in Table 3 . All explanatory variables are statistically significant. R-squared amounted to 0.11 indicating on the moderate goodness of fit, as far as panel data considered. According to the results of the estimation an increase in milk productivity by 1,000 kg per cow (Development ) leads ceteris paribus to decrease in seasonality amplitude by 0.69 pp. With regards to percentage difference between farmgate milk prices in particular EU countries and the US (Difference ), its decrease by 1 pp. leads ceteris paribus to a drop in seasonality amplitude by 0.09 pp.
Hausman test indicates that random effects specification is more suitable than fixed effects. It most likely reflects that nowadays country specific factors like the climate conditions are less important. The choice of the random effects specification was also confirmed by the results of Breusch-Pagan Lagrange multiplier test. Breusch-Godfrey/Wooldridge and Breusch-Pagan tests indicated on autocorrelation and homoscedasticity in the model. Therefore, addressing that problem White's robust estimators of the covariance matrix were used (White, 1980) .
Conclusions
The purpose of the research was to test the hypothesis that the seasonality still plays an important role in shaping the farmgate milk prices in EU. It also investigated if the growing integration of the EU milk market with the global milk market leads to decrease in amplitude of the seasonal component in EU farmgate milk prices. The results confirm that seasonality remains a significant factor determining farmgate milk prices in EU although its role has markedly diminished after 2007 in most analyzed countries. Moreover, the results suggests that it is connected not only with the development of EU dairy sector, which is consistent with the results of Szajner (2014), Iwan (2005) and Matysik-Pejas (2007), but also with its growing integration with the global milk market. Therefore, it can be expected that in the future, together with the further globalization of the milk market, the significance of the seasonality in determining farmgate milk prices in EU will be diminishing. As a consequence, findings from this research have implications for the forecasting of milk prices in EU. Moreover, the results from this study may be used in the further research on how globalization affects the role of local factors in determining the price transmission in agricultural markets.
